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SPECIFICATION 



SWITCHING APPARATUS AND SATELLITE 
ANTENNA SWITCHING APPARATUS 



[0001] This nonprovisional application claims priority under 35 U.S.C. § 1 19(a) on Patent 
Application No. 2003-050455 filed in Japan on February 27, 2003, the entire contents of 
which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention relates to a switching apparatus for controlling the 
interconnection among a plurality of devices. More particularly, the present invention 
relates to a satellite antenna switching apparatus, as installed between a converter that 
performs a predetermined conversion operation on a signal received by a satellite antenna and 
a receiver that exchanges signals with the converter, for controlling the interconnection 
between such a converter and such a receiver on a one-to-many or many-to-many basis. 

Description of the Prior Art 

[0003] In reception of satellite broadcast or satellite communication, a high-frequency 
signal received by a satellite antenna is fed from an LNB (low-noise block converter), which 
is fitted to the satellite antenna, by way of a coaxial cable or the like to a receiver (for 
example, a STB (set-top box)). In a case where the received signal outputted from a single 
LNB is distributed among a plurality of receivers, or in a case where one of the received 
signals outputted from a plurality of LNBs is selected to be fed to a single receiver, or in a 
case where the received signals outputted from a plurality of LNBs are distributed among a 
plurality of receivers in a desired manner, a satellite antenna switching apparatus (hereinafter 
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referred to as a "switch box") is installed between the LNB(s) and receiver(s) for the purpose 
of controlling the interconnection between those devices (for example, as disclosed in 
Japanese Patent Application Laid-Open No. H4- 159824). 

[0004] Some models of conventional switch boxes have, as well as LNB ports to which 
LNBs are connected and receiver ports to which receivers are connected, a cascade port to 
which an LNB port of a switch box of the same configuration can be connected. This 
permits a cascade connection of a plurality of switch boxes. 

[0005] It is true that a switch box configured as described above permits the number of 
receivers that share the same LNB to be increased easily simply by connecting another switch 
box to the cascade port so that the switch boxes are cascade-connected. This makes this type 
of switch box very useful. 

[0006] However, with the switch box configured as described above, due to its circuit 
configuration, when a plurality of them are cascade-connected, the signals exchanged between 
the receivers and LNBs are attenuated so severely as to make, in the worst case, their 
detection impossible. Now, how this problem occurs will be explained in detail with 
reference to Fig. 4. Fig. 4 is a circuit diagram showing the configuration of a principal 
portion (signal exchange portion) of a conventional switch box. In this figure, for 
simplicity's sake, it is assumed that only one LNB 31 and one receiver 21 are connected to a 
first-stage switch box 110, and that only one receiver 22 is connected to a second-stage switch 
box 120. 

[0007] When a command signal is fed from the receiver 21 to the LNB 31, according to 
this command signal, a microcomputer ml turns a transistor nl on and off so as to vary the 



current that flows through an impedance circuit zl that is provided for signal detection. As a 
result of this control, the potential at a node al pulsates according to the command signal, and 
thus the command signal is, in a form superimposed on a direct-current voltage fed from the 
receiver 21, fed out via an LNB port LP1. In this way, the LNB 31 is fed with electric 
power along with the command signal. 

[0008] On the other hand, when a command signal is fed from the receiver 22 to the LNB 
31, according to this command signal, a microcomputer m2 turns a transistor n2 on and off so 
as to vary the current that flows through an impedance circuit z2. As a result of this current 
control, the potential at a node a2 pulsates according to the command signal, and thus the 
command signal is, in a form superimposed on a direct-current voltage fed from the receiver 
22, fed out via an LNB port LP2. The voltage fed out via the LNB port LP2 is fed to the 
cascade port CP1 of the switch box 110, and only the alternating-current component of this 
voltage is fed through a coupling capacitor cl to the node al. Thus, the command signal is, 
in a form superimposed on the direct-current voltage fed from the receiver 21, fed out via the 
LNB port LP1. 

[0009] When these conventional switch boxes 110 and 120 are cascade-connected, 
however, the impedance circuits zl and z2, which are both grounded when considered on an 
alternating-current basis, are connected in parallel with each other (see the equivalent circuits 
shown in Figs. 5 A and 5B), and thus, assuming that the impedance circuits zl and z2 are 
designed to have equal impedances, the actual impedance at the nodes al and a2 are reduced 
to half the impedance as designed. On the other hand, the collector currents of the 
transistors nl and n2 are previously determined according to their peripheral constants, and 
therefore, when the impedance is reduced to a half as described above, the voltage drop at the 
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nodes al and a2 (i.e., the amplitude of pulse signals) is accordingly reduced to a half. On the 
same principle, when n switch boxes are cascade-connected, the amplitude of pulse signals is 
reduced to 1 / n, making it impossible, in the worst case, to detect the exchanged signals as 
described above. 

SUMMARY OF THE INVENTION 
[0010] An object of the present invention is to provide a switching apparatus, and in 
particular a satellite antenna switching apparatus, that does not cause attenuation of 
exchanged signals even when used in a cascade connection of a plurality of stages of switch 
boxes. 

[0011] To achieve the above object, according to the present invention, a switching 
apparatus, in particular a satellite antenna switching apparatus, is provided with: a first port 
(LNB port) to which a first device (LNB) is connected; a second port (receiver port) to which 
a second device (receiver) that exchanges a signal with the first device is connected; a third 
port (cascade port) to which another switching apparatus is cascade-connected; and an 
impedance circuit that functions as a means for detecting the signal exchanged between the 
first and second devices. Here, the impedance circuit provides an impedance according to 
the connection state of the third port, and is electrically disconnected from the signal path 
when the other switching apparatus is cascade-connected to the third port. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] This and other objects and features of the present invention will become clear from 
the following description, taken in conjunction with the preferred embodiments with reference 
to the accompanying drawings in which: 
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Figs. 1A and IB are diagrams showing examples of how a switch box embodying the 
invention is installed; 

Fig. 2 is a circuit diagram showing the configuration of a principal portion of the 
switch boxes 11 and 12; 

Figs. 3 A and 3B are equivalent circuit diagrams of the switch boxes 11 and 12 as 
considered on an alternating-current basis; 

Fig. 4 is a circuit diagram showing the configuration of a principal portion of a 
conventional switch box; and 

Figs. 5A and 5B are equivalent circuit diagrams of a conventional switch box as 
considered on an alternating-current basis. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0013] Figs. 1A and IB are diagrams showing how a switch box embodying the present 
invention is installed. In Fig. 1 A, a switch box 1 1 is provided with LNB ports LP la to LPlc 
to which are connected LNBs 31a to 31c that perform a predetermined conversion operation 
on signals received by satellite antennas (not illustrated); and receiver ports RPla to RPld to 
which are connected receivers 21a to 21d that exchange signals with the LNBs 31a to 31c, 
and to which direct-current voltages are applied from those receivers 21a to 2 Id. Thus, this 
configuration permits the interconnection among LNBs and receivers to be controlled in such 
a way that a maximum of three LNBs can be shared among a maximum of four receivers. 

[0014] The switch box 11 is further provided with cascade ports CP 1 a to CP lc to which 
are connected LNB ports LP2a to LP2c of another switch box 12 of the same configuration. 
This permits the switch box 12 to be cascade-connected to the switch box 1 1 as shown in Fig. 
IB, and thereby permits the number of receivers that share the LNBs 31a to 31c to be 
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increased as desired. 



[0015] The switch boxes 11 and 12 and the LNBs 31a to 31c are all controlled by a 
microcomputer so as to perform various operations according to command signals (pulse 
signals) fed from the receivers 21a to 21 d and 22a to 22d. For example, the switch boxes 1 1 
and 12 control the interconnection between the receives 21a to 21d and 22a to 22d and the 
LNBs 31a to 31c so that the former can obtain information from a desired one of the latter. 
Moreover, the switch boxes 11 and 12 provide signal transmission paths between the 
receivers and LNBs to permit two-way communication among them whereby command 
signals are transmitted from the receivers 21a to 2 Id and 22a to 22d to the LNBs 31a to 31c 
and received signals are transmitted from the LNBs 3 la to 31c to the receivers 21a to 2 Id and 
22a to 22d. 

[0016] Fig. 2 is a circuit diagram showing the configuration of a principal portion (signal 
exchange portion) of the switch boxes 11 and 12. In this figure, for simplicity's sake, it is 
assumed that only the LNB 31 and the receiver 21 are connected to the switch box 11, and 
that only the receiver 22 is connected to the switch box 12. 

[0017] As shown in this figure, the receiver ports RP1 and RP2 are connected via 
impedance circuits Zl and Z2, provided for signal detection, to the LNB ports LP1 and LP2, 
so that the direct-current voltages fed from the receivers 21 and 22 are transmitted by way of 
those paths to the LNB ports LP1 andLP2. The receiver ports RP1 and RP2 are connected 
also to the input terminals of microcomputers Ml and M2, so that the command signals fed 
from the receivers 21 and 22 are transmitted by way of those paths to the microcomputers Ml 
and M2. The cascade ports CP1 and CP2 are connected via coupling capacitors CI and C2 



to the LNB ports LP1 and LP2. 

[0018] The nodes Al and A2 between the impedance circuits Zl and Z2 and the LNB 
ports LP1 and LP2 are connected to the collectors of npn-type bipolar transistors Nl and N2, 
respectively. The emitters of the transistors Nl and N2 are grounded via resistors Rl and R2, 
respectively. The bases of the transistors Nl and N2 are connected to the output terminals of 
the microcomputers Ml and M2, respectively. Here, the transistors Nl and N2 are provided 
as a means for superimposing the command signals on the direct-current voltages fed from the 
receivers 21 and 22, because the microcomputer Ml and M2 themselves are not furnished 
with such a function. 

[0019] In these switch boxes 11 and 12 embodying the invention, the impedance circuits 
Zl and Z2 are each designed not as a fixed resistance element but as a parallel resonance 
circuit having a resistor circuit, an inductor Liz or L2z, and a capacitor Clz or C2z connected 
in parallel with one another, wherein the resistor circuit has a resistor Rlz or R2z connected 
in series with a pnp-type bipolar transistor Plz or P2z. The base of the transistor Plz is 
connected to the node Bl between resistors Rla and Rib that are connected in series between 
the cascade port CP1 and the ground line, and the base of the transistor P2z is connected to 
the node B2 between resistors R2a and R2b that are connected in series between the cascade 
port CP2 and the ground line. 

[0020] With this configuration, when the switch box 12 is not cascade-connected to the 
switch box 11, and therefore no direct-current voltage is applied to the cascade port CP1, the 
potential at the node Bl is low. This turns the transistor Plz on, and thus causes the resistor 
Rlz to be incorporated in the parallel resonance circuit. By contrast, when the switch box 12 
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is cascade-connected to the switch box 11, and therefore a direct-current voltage is applied 
from the LNB port LP2 to the cascade port CP1, the potential at the node Bl is high. This 
turns the transistor Plz off, and thus causes the resistor Rlz to be disconnected from the 
parallel resonance circuit. It should be noted that, irrespective of whether the switch boxes 
11 and 12 are cascade-connected together or not, no direct-current voltage is applied to the 
cascade port CP2 at the very end, and therefore the potential at the node B2 is always low. 
This keeps the transistor P2z on, and thus leaves the resistor R2z incorporated in the parallel 
resonance circuit. 

[0021] In the impedance circuits Zl and Z2 configured as described above, their 
resonance frequency when the transistors Pla and P2z are on (i.e., when the resistors Rlz and 
R2z are incorporated in the parallel resonance circuits) is set equal to the pulse frequency of 
the command signals that are to be fed to the LNB 31, and their impedance when they are 
resonating is determined by the resistances of the resistors Rlz and R2z. Moreover, the 
impedance circuits Zl and Z2 are so designed that their impedances are infinitely high when 
the transistors Pla and P2z are off (i.e., when the resistors Rlz and R2z are disconnected from 
the parallel resonance circuits). 

[0022] For example, in a case where the pulse frequency of the command signals is 22 
[kHz], it is advisable to set the resistance of the resistor circuits (the sum of the resistance of 
the resistor Rlz or R2z and the on-state resistance of the transistor Plz and P2z) to be 15 [Q], 
the self inductance of the inductors Liz and L2z to be 820 ftiH], and the capacitance of the 
capacitors Clz and C2z to be 0.068 [jxF]. 

[0023] With this configuration, irrespective of how many stages of switch boxes are 
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cascade-connected together, it is possible to give the desired impedance only to the 
impedance circuit of the switch box at the very end (in the figure, the impedance circuit Z2 of 
the switch box 12), and to electrically disconnect the impedance circuits of all the other 
switch boxes (in the figure, the impedance circuit Zl of the switch box 11) (see equivalent 
circuits shown in Figs. 3A and 3B). Thus, even when a plurality of stages are cascade- 
connected together, the signals exchanged between receivers and LNBs are less attenuated, 
making it possible to perform communication in a satisfactory manner. 

[0024] Moreover, in the impedance circuits Zl and Z2 configured as described above, 
their impedance when the transistors Plz and P2z are on is equal to the desired value only at 
the pulse frequency of the command signals, and is lower to any other frequency components. 
In particular, for a direct-current component, the impedance circuits Zl and Z2 always 
provide an extremely low resistance ascribable to the inductors Liz and L2z irrespective of 
whether the transistors Plz and P2z are on or off. This is advantageous in eliminating the 
noise contained in the command signals, and in preventing the attenuation of the direct- 
current voltage fed to the LNB 3 1 . 

[0025] Now, how the switch boxes 11 and 12 configured as described above actually 
operate when they are cascade-connected together (i.e., when the transistor Plz is off and the 
transistor P2z is on) will be described in detail. 

[0026] First, a description will be given of a case where a command signal is fed from the 
receiver 21 to the LNB 31. In this case, the microcomputer Ml turns the transistor Nl on 
and off according to the command signal fed from the receiver 21 so as to vary the current 
that flows through the impedance circuit Z2. As a result of this control, the potential at the 
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node A2 pulsates according to the command signal, and thus the command signal is, in a form 
superimposed on the direct-current voltage fed from the receiver 22, fed out via the LNB port 
LP2. The voltage fed out via the LNB port LP2 is fed to the cascade port CP1 of the switch 
box 1 1, and only the alternating-current component of this voltage is fed through the coupling 
capacitor CI to the node Al. Thus, the command signal is, in a form superimposed on the 
direct-current voltage fed from the receiver 21, fed out via the LNB port LP1. In this way, 
the command signal is, along with the supply voltage, fed to the LNB 3 1 . 

[0027] Next, a description will be given of a case where a command signal is fed from the 
receiver 22 to the LNB 31. In this case, the microcomputer M2 turns the transistor N2 on 
and off according to the command signal fed from the receiver 22 so as to vary the current 
that flows through the impedance circuit Z2. As a result of this control, the potential at the 
node A2 pulsates according to the command signal, and thus the command signal is, in a form 
superimposed on the direct-current voltage fed from the receiver 22, fed out via the LNB port 
LP2. The voltage fed out via the LNB port LP2 is fed to the cascade port CP1 of the switch 
box 1 1, and only the alternating-current component of this voltage is fed through the coupling 
capacitor CI to the node Al. Thus, the command signal is, in a form superimposed on the 
direct-current voltage fed from the receiver 21, fed out via the LNB port LP 1 . In this way, 
the command signal is, along with the supply voltage, fed to the LNB 3 1 . 

[0028] The embodiment described above deals with a case where the present invention is 
applied to a satellite antenna switching apparatus. It should be understood, however, that the 
present invention finds wide application in switching apparatuses in general, i.e., in any other 
types of switching apparatuses than the one specifically discussed above, that control the 
interconnection among a plurality of devices. 
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[0029] As described above, with a switching apparatus, in particular a satellite antenna 
switching apparatus, according to the present invention, even when a plurality of stages of 
switching apparatuses are cascade-connected together, the exchanged signals are less 
attenuated, and thus it is possible to perform communication in a satisfactory manner.. 



